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Abstract 

Australia’s temperate grasslands are critically endangered. Despite the instrumental role invertebrates play as 
consumers in these systems, grassland invertebrates are almost entirely undocumented. Similarly, the effects 
of fire on these invertebrates are unknown. In this study, we begin recording the invertebrate diversity of the 
temperate grassland ecosystem, identifying 107 species in 14 orders. We show that time-since-fire influences 
invertebrate richness and abundance. Richness and abundance were maximised at the most structurally-com- 
plex site, suggesting that the effect of time-since-fire is likely mediated through the structural complexity of the 
grass layer; increased complexity enables resource partitioning and promotes invertebrate coexistence. Thus, 


we suggest that intermediate burning regimes, in which grassland sites are burned every two years or so, would 


most 
patchily and that variable fire regimes be imp! 


enefit within-site invertebrate elversty, However, we also suggest that grasslands should be burned 
emented within a landscape to maintain the invertebrate fauna 


of this ecosystem. (The Victorian Naturalist 135 (2), 36-46) 


Keywords: invertebrates, grassland, time-since-fire, resource partitioning, structural complexity 


Introduction 

Australia’s temperate grasslands are important 
ecosystems, providing a range of essential ser- 
vices, preventing land degradation by combat- 
ing erosion and reducing soil salinity (Prober 
and Thiele 2005). Likewise, they harbour a vari- 
ety of threatened and critically endangered spe- 
cies, including the Striped Legless Lizard Delma 
impar and the Golden Sun Moth Synemon pla- 
na; these organisms are endemic to Australia’s 
temperate grasslands (EPBC Act 2000). 

Despite the importance of temperate grass- 
lands, much about the ecology and biodiversity 
of these ecosystems remains unknown, which 
makes it difficult to implement effective con- 
servation schemes for the preservation of the 
endangered organisms they harbour. The lack 
of information on these grasslands is, in part, 
because of the rarity of this ecosystem, which 
is among Australia’s most endangered ecosys- 
tems (Carter et al. 2003). Australian natural 
temperate grasslands have declined by more 
than 98% from their original 2.3 million ha ex- 
tent; most of the temperate grassland that re- 
mains is in patches throughout suburban areas 
or along railroad tracks and roadsides (Carter 
et al. 2003). The decline of natural temperate 
grassland in Australia is largely due to historical 
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intensive pastoral and agricultural use of the 
landscape; little grassland has escaped altera- 
tion from these uses (Williams et al. 2005). Be- 
cause of the rarity, degradation, and fragment- 
ed nature of Australian temperate grassland, 
various systems containing temperate grass- 
land, including ‘Natural Temperate Grassland 
of the Victorian Volcanic Plain, have been listed 
as critically endangered systems and have been 
protected since 2000 (EPBC Act 2000). 

Their place as critically endangered systems 
only emphasises the need to understand Aus- 
tralia’s temperate grasslands so that what re- 
mains can be properly conserved. However, 
large components of the biodiversity of these 
systems are undocumented, and the nuances 
of the dynamics that control these systems are 
likewise largely unknown (McMullan-Fisher 
et al. 2011). While the floristic and vertebrate 
communities within these systems have re- 
ceived attention (e.g. Tremont and McIntyre 
1994; Letnic et al. 2004; Prober and Thiele 
2005), little information is available about the 
invertebrate communities (Yen 1999). Inverte- 
brates are, in general, an important but under- 
studied element of many terrestrial ecosystems; 
they are an essential component of nearly every 
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food chain (Tscharntke and Greiler 1995). This 
is particularly true of grassy systems, as the 
invertebrates that inhabit grassy systems are 
particularly inconspicuous while also sery- 
ing as particularly important consumers and 
recyclers of nutrients (Tscharntke and Greiler 
1995). 

Australia’s grasslands are unique, too, in that 
they are largely depauperate of large-bodied, 
congregating herbivorous animals, unlike 
those grasslands of other continents (Orians 
and Milewski 2007). Thus, invertebrates serve 
as the primary consumers of plant material in 
Australian temperate grasslands, and have a 
potentially larger impact and importance in 
Australia’s grasslands relative to other similar 
systems, 

Fire is an important component of all grass- 
dominated systems, and Australia’s temperate 
grasslands are no different (Daubenmire 1968). 
Fire is a significant and regular disturbance 
in these grasslands; they naturally experience 
frequent burns. The impact of such fires on 
the biodiversity of Australian temperate grass- 
lands has been studied in recent years; different 
burning regimes have been shown to have vari- 
able impacts on various components of these 
ecosystems (Morgan 1999). Recurrent, low- 
intensity fires have been shown to promote the 
productivity of native grasses and enhance the 
diversity of intertussock native flora (Morgan 
and Lunt 1999). Recently, fire frequency (but 
not time-since-fire) has been shown to signifi- 
cantly influence fungal community composi- 
tion of these systems (Egidi et al. 2016). The 
variable responses of different components of 
these systems to fire therefore raises the ques- 
tion of how these undocumented invertebrate 
communities might respond to different burn- 
ing regimes. 

In an effort to both catalogue the invertebrate 
diversity of these systems, as well as to under- 
stand the impacts of burning history on inver- 
tebrates, we recorded the invertebrate commu- 
nities in native Themeda triandra-dominated 
grasslands that undergo regular burning within 
the ‘Natural Temperate Grassland of the Victo- 
rian Volcanic Plain’ ecosystem. The species rich- 
ness and abundance of the invertebrate commu- 
nities identified in these grasslands were then 
related to time-since-fire. 
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Methods 

Study sites 

The ‘Natural Temperate Grassland of the Vic- 
torian Volcanic Plain’ ecosystem is dominated 
by Kangaroo Grass Themeda triandra, a sum- 
mer-growing C4 perennial grass. Melbourne, 
Victoria, is located at the eastern boundary of 
this ecosystem, and within the city there are 
87 reserves that contain remnant patches of 
temperate grassland; these remnants are small, 
isolated fragments that have escaped intensive 
agriculture, and are thus relatively undisturbed 
(Morgan 1999). The underlying geology of the 
region is consistent across these reserves, and 
is characterised by tholeiitic to alkaline basalt 
soils formed approximately two million years 
ago (Threatened Species Scientific Committee 
2008). Thus, because the geological and edaph- 
ic features were consistent across all of the re- 
serves, the soil characteristics of the reserves 
were treated as consistent as well. 

To determine the effects of fire regime on in- 
vertebrate community assemblage, four T. tri- 
andra-dominated temperate grassland sites, all 
located in the northern suburbs of Melbourne, 
were selected from within these 87 grassland 
reserves. Three of the sites were located in Pio- 
neer Park (37.69°S, 144.76°E), and the other 
was located in the nearby Denton Avenue Park 
(37.76°S, 144.81°E) (Fig. 1). 

These four sites have experienced. variable 
fire histories. Site PPO was located in Pioneer 
Park and was last burned on 19 April 2017; it 
was sampled ten days following the burn. Site 
PP1 was located in Pioneer Park and was last 
burned in 2016. Site PP2, also selected from 
within Pioneer Park, was burned in 2015. Site 
DP3, located within the Denton Avenue Park, 
was last burned in 2014. The fire histories of the 
four sites were determined in consultation with 
the local land manager and were verified by as- 
sessing satellite images of the sites for evidence 
of burning. The sites were close to each other 
and were sampled in consistent weather condi- 
tions, which ensured that environmental vari- 
ables other than time-since-last-burned were 
relatively constant between the sites. The dif- 
ferent burning histories of the four sites meant 
that the grass biomass and the structure of this 
grass layer at each of the sites differed substan- 
tially (Fig. 2). 
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Fig. 1. A map of the area in which this study was 
undertaken, showing the two grassland reserves in 
which sites were established, Pioneer Park and Den- 
ton Ave Park. 


Sweep net sampling 

Within each of the four sites, two 50 m transects 
were established. The transects were 15 m apart 
from each other, and were likewise a minimum 
of 15 m away from any given edge of the site to 
limit edge effects. - 

Invertebrates were sweep netted along these 
transects on three consecutive days. Sampling 
took place from 12 April 2017 to 14 April 2017 
at PP1, PP2, and DP3. PPO was sampled first on 
29 April 2017, ten days after it was burned, on 
19 April 2017. The sites were sampled each day 
between 9 am and 2 pm. The sampling order of 
the two transects within each site was switched 
each day and the time at which sampling be- 
gan was staggered. These measures were im- 
plemented to account for any variability in the 
invertebrate communities with time-of-day at 
each site. To ensure that sampling effort was 
consistent across all sites and transects, one 
sweep of the net was done per metre. Follow- 
ing sweep netting, the invertebrates collected in 
the net were transferred to a kill jar and then to 
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Fig. 2. The relationships between the time since a 
site was burned and (a) the average per cent cover of 
grass at that site or (b) the structural complexity of 
the grass layer at that site. Values for structural com- 
plexity were calculated following Brown et al. (2011), 
utilising the formula (In (variance in grass height x 
average grass height)). 


plastic tubes containing ethanol, for identifica- 
tion under a microscope. 


Bee bowl sampling 

Bee bowls were constructed out of white plastic 
bowls with a diameter of 17.5 cm and a depth 
of 5 cm. They were coated in fluorescent yel- 
low spray paint. These bowls were placed at 
PP1, PP2, and DP3 on the morning of 13 April 
2017, and at PPO on the morning of 30 April 
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2017. They were placed along the sweep netting 
transects, and were spaced 5 m apart, starting 
at 5 m on each transect. The bowls were filled 
halfway with a solution of water and detergent; 
the detergent was added to lower the surface 
tension of the water so as to capture even small 
invertebrates. The bee bowls were placed along 
the transects before sweep netting took place, 
to ensure that any invertebrates that were dis- 
turbed during sweep netting might fall into the 
bee bowls. The bowls remained out for approxi- 
mately 24 hours. Any invertebrates that fell into 
the bowls were collected and put into a plastic 
tube filled with ethanol for later identification. 


Invertebrate identification 

‘The invertebrates that were collected were sep- 
arated into morphospecies, identified to order 
and assigned a unique species code. Where 
possible, morphospecies were identified to 
more specific taxonomic classifications, to the 
family- or genus-level. Morphospecies were 
also assigned to feeding guilds. Feeding guilds 
were classified by the system provided by No- 
votny et al. (2010) with slight modification: 
phloem feeders and leaf suckers were grouped 
into one category, ‘phloem feeders’; leaf chew- 
ers and leaf mashers were likewise grouped into 
one category, ‘leaf chewers and mashers, and 
no differentiation was made between adult and 
larval individuals. Spiders, invertebrates of the 
order Araneae, were found to be particularly 
numerous and diverse in this study, and were 
thus identified to family with the aid of Frame- 
nau et al. (2014) and grouped based on their 
hunting strategies. 


Grass data collection 

On 29 April 2017, data on the grass layer at 
each of the sites were collected; the percentage 
of grass cover at each site as well as the average 
number of grass layers and the average height 
of each of these layers was recorded for each 
site. Utilising a 1 m x 1 m quadrat, 10 quad- 
rats were randomly selected from within each 
site. For each of the quadrats, the percentage 
of the quadrat that was bare ground, rock, and 
covered by grass was recorded. Likewise, the 
number of grass layers discernable within the 
quadrat was recorded, as was the average height 
of each of these layers. 
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Results 

Invertebrate orders 

In total, 3583 individuals from 107 species in 
14 orders were collected during the course of 
this study. Overall, Araneae was both the most 
abundant and diverse order; 1515 individuals 
were collected and were sorted into 28 differ- 
ent species. Diptera was the next most abun- 
dant and diverse order; 673 individuals from 23 
species were collected. Collembola also consti- 
tuted a substantial portion of the total individ- 
uals collected; 637 individuals were collected, 
though only one morphospecies was identified. 
Together, these three orders constituted 79% 
of the 3583 total individuals collected. Hemip- 
tera, Coleoptera, and Hymenoptera were also 
diverse and abundant; overall, 311 individuals 
from 13 species, 224 individuals from 9 species, 
and 166 individuals from 16 species were found 
from these three orders, respectively. The other 
eight orders identified in this study—Acari, 
Julida, Dermaptera, Orthoptera, Lepidoptera, 
Gastropoda, Neuroptera and Isopoda—were 
rare; 15 or fewer individuals were found from 
each of these orders overall, and thus each of 
these orders constituted 1% or less of the total 
invertebrates found. 

Overall abundances of invertebrates were 
similar for PPO, PP1, and DP3 (Table 1). PP2, 
with 1309 individuals, had nearly double the 
overall number of invertebrates as compared to 
the other three sites (Table 1). Twelve of the 14 
orders were represented at PP2, the same num- 
ber of orders as were found in DP3 (Table 1). 
PPO and PP1, however, had members of 7 out 
of 14 and 11 out of 14 orders respectively (Ta- 
ble 1). At the species level, PP2 was most rich, 
followed by PP1, DP3, and then PPO (Table 1). 
Seventy-four species were found at PP2, 20% 
of which were unique to PP2; at PP1, 13% of 
the 61 total species were unique; at DP3, out of 
the 59 species observed there 17% were unique; 
and PPO had 42 species overall, 14% of which 
were unique (Table 1). Twenty-two species 
were found at all four sites. Thus, though PP2 
had a slightly higher proportion of unique spe- 
cies, all of the sites supported a substantial pro- 
portion of unique invertebrate species. 

The most diverse order at all four sites was 
Araneae, followed by Diptera (Table 1). The 
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Table 1. A comparison of the number of species in 
each order found at each of the four sites, along with 
the total number of species and the number of unique 
species found at each site. 


Order PPO PPI PP2 DP3 
Acari 0 1 1 1 
Coleoptera 2 5 8 5 
Julida 0 0 1 1 
Dermaptera 0 1 0 0 
Diptera 15 12 16 13 
Orthoptera 0 2 3 3 
Hemiptera 3 9 7 8 
Hymenoptera 5 9 11 7 
Lepidoptera 1 1 3 0 
Gastropoda 0 1 3 2 
Neuroptera 0 0 2 1 
Isopoda 0 0 0 1 
Araneae 15 19 18 16 
Collembola 1 1 1 1 
Total SPP 42 61 74 59 
Unique SPP 6 8 15 10 


next two most diverse orders for PPO, PP1, and 
DP3 were Hymenoptera and Hemiptera, fol- 
lowed by Coleoptera (Table 1). At PPO, Hyme- 
noptera was the third most diverse order, with 
Hemiptera as the fourth most diverse (Table 
1). At DP3, this pattern was reversed, with He- 
miptera more diverse than Hymenoptera, and 
at PP1 these orders were equally diverse (Table 
1). For PP2, Hymenoptera was the third most 
diverse order, followed by Coleoptera and then 
Hemiptera (Table 1). The remaining orders 
were represented by three or fewer species at 
each site (Table 1). 

PPO and PP2 had quite similar patterns of 
abundance. The most abundant orders for PPO 
and PP2 were the same; Araneae was most 
abundant followed by Diptera, Collembola, He- 
miptera, Coleoptera, and Hymenoptera (Table 
2). However, the abundances of all the orders 
at PPO were lower than those of PP2, which 
was also the case at PP1 (Table 2). At PP1 the 
most abundant order was also Araneae, though 
Collembola was the second most abundant, 
followed by Diptera, Coleoptera, Hemiptera, 
and Hymenoptera (Table 2). DP3 was the most 
different from the other sites; Collembola was 
most abundant, followed by Diptera, then He- 
miptera, then Araneae, then Hymenoptera, 
then Coleoptera (Table 2). 
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Table 2. A comparison of number of individuals in 
each order found at each of the four sites, along with 
the total number of individuals found at each site. 


Order PPO PPI PP2 DP3 
Araneae 407 425 563 120 
Diptera 209 63 253 148 
Collembola 60 129 206 242 
Hemiptera 44 44 101 122 
Coleoptera 34 59 95 36 
Hymenoptera 9 40 70 47 
Orthoptera 0 4 6 5 
Lepidoptera 3 1 4 0 
Acari 0 2 4 1 
Gastropoda 0 1 3 5 
Julida 0 0 2 8 
Neuroptera 0 0 2 1 
Isopoda 0 0 0 4 
Dermaptera 0 1 0 0 
Total individuals 766 769 1309 739 


Invertebrate feeding guilds 

Six feeding guilds were delineated. At PP2, 
predators were most abundant, followed by om- 
nivores, nectarivores, leaf chewers and mash- 
ers, phloem suckers, and detritivores (Table 3). 
At PP1, this pattern was similar, though nec- 
tarivores were the least abundant rather than 
the third most abundant; the order at PP1 was 
predators, omnivores, leaf chewers and mash- 
ers, phloem suckers, detritivores, and nectari- 
vores (Table 3). PPO was the next most similar; 
predators were again most abundant, followed 
by nectarivores, omnivores, phloem suckers, 
detritivores, and leaf chewers and mashers (Ta- 
ble 3). DP3, the only site for which predators 
were not the most abundant feeding guild, was 
the most different; at DP3, omnivores dominat- 
ed, followed by predators, nectarivores, phloem 
suckers, leaf chewers and mashers, and detriti- 
vores (Table 3). 

The explicit number of detritivores was com- 
parable between the four sites (Table 3). The 
explicit number of omnivores increased with 
time-since-fire, climbing from 66 individuals at 
PPO to 287 individuals at DP3 (Table 3). Preda- 
tors and leaf chewers and mashers had parabol- 
ic abundance relationships; their abundances 
peaked at PP2 at 596 and 101 individuals, re- 
spectively (Table 3). 

Similarly, the proportional abundance of de- 
tritivores did not change much between the 
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Table 3. A comparison of number of individuals in 
each feeding guild found at each of the four sites, 
along with the total number of individuals found at 
each site. 


Feeding guild PPO PP1 PP2 DP3 
Predators 417 431 596 129 
Omnivores 66 167 275 287 
Nectarivores 1620029 e210 
Leaf chewers and mashers 34 63 101 41 

Phloem suckers 44 Gey» ahh» Wile? 
Detritivores 43 37 Anes 9, 

Total individuals 766 769 1309 739 


sites, though they were at a slightly lower pro- 
portion, about 3% rather than 5%, at PP2 (Ta- 
ble 3). The proportion of phloem suckers was 
quite consistent across the first three sites at just 
below 6%, but they were proportionally more 
abundant at DP3 at about 16% (Table 3). Nec- 
tarivores were quite consistent across PPO, PP1, 
and DP3 at 21%, 17%, and 17% respectively; at 
less than 4%, PP1 showed a substantial decrease 
in the proportion of nectarivores collected 
there (Table 3). Predators were proportionally 
most abundant at PP1 at 56%, then PPO at 54%, 
then PP2 at 46%, and then dramatically de- 
creased at DP3 to 17%. Omnivores were most 
prominent at DP3 at 39%, then at PP1 at 22%, 
then at PP2 at 21%, then at PPO at 9% (Table 3). 


Spiders 

Spiders were both the most rich and most abun- 
dant order of invertebrates collected. Thus, they 
were investigated more closely. Twenty-eight 
species of spiders from 9 families were found, 
totaling 1515 spiders, only one of which could 
not be identified to family (Table 1). The vast 
majority of the spiders found were from one 
species, Runcinia acuminata (Thomisidae). Of 
this species alone 1075 individuals were found, 
constituting 71% of the total spiders collected. 
Two other species constituted another signifi- 
cant portion of the spiders found; 159 indi- 
viduals collected were Larinia jamberoo (Ara- 
neidae), and another 117 individuals collected 
were a species from the family Lycosidae. To- 
gether, these two species comprised 18% of spi- 
ders collected. Thus, three species represented 
89% of all spiders collected; the remaining 25 
species constituted only 11% of all spiders col- 
lected, and were thus quite rare. 
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Table 4. A comparison of the number of individual 
spiders in each family found at each of the four sites, 
along with the total number of spiders found at each 
site. 


Family PPO PPI PP2 DP3 
Thomisidae 381 307 354 52 
Lycosidae 0 0 117 0 
Araneidae 7 95 49 31 
Salticidae 2 4 19 9 
Oonopidae 6 6 12 7 
Zodariidae 1 0 5 1 
Theridiidae 9 4 4 19 
Miturgidae 0 2 2 0 
Oxyopidae 1 6 1 1 
Unidentified 0 1 0 0 
Total individuals . 407 425 563 120 


Fifteen species were found at PPO from 7 fami- 
lies, 19 species at PP1 from 8 families, 18 spe- 
cies at PP2 from all 9 families, and 16 species at 
DP3 from 7 families (Table 4). Though PP1 was 
the most diverse in terms of species, PP2 was 
most diverse in terms of the families that were 
represented; PPO and DP3 were comparably di- 
verse in both respects. 

Thomisidae was the most abundant spider 
family at all four sites (Table 4). At PPO, Theri- 
diidae was the next most abundant, then Ara- 
neidae, then Oonopidae (Table 4). At PP1, the 
next most abundant family was Araneidae, 
then Oonopidae, then Oxyopidae (Table 4). 
At PP2, Lycosidae, then Araneidae, then Salti- 
cidae were most abundant (Table 4). At DP3, 
Araneidae was the second most abundant, then 
Theridiidae, then Salticidae (Table 4). The or- 
der of abundance for the spider families were 
quite distinct for all four sites, suggesting that 
the spider communities differed significantly 
over the four sites. 

Spiders were further categorised by their hunt- 
ing strategies. Four general hunting strategies 
were identified. Sit and wait ambush hunters 
were the most abundant at all sites (Table 5). 
Web prey capture hunters were the next most 
abundant at PPO, PP1, and DP3, followed by 
active hunters (Table 5). For PP2, this was re- 
versed; active hunters were second most abun- 
dant, followed by web prey capture hunters (Ta- - 
‘ble 5). Active ambusher hunters were some of 
the least common spiders at all sites (Table 5). 


4] 


Research Report 


Table 5. A comparison of the number of individual 
spiders utilising each hunting strategy at each of the 
four sites, along with the total number of spiders 
found at each site. 


Hunting strategy PRORRPRIBEEP2 Ee DPS 
Sit and wait ambushers 381 30 7a aD 4ee 2 
Active hunters 8 14 137 9 
Web prey capture 16 99 53 50 
Active ambushers 2 4 19 9 
Unknown 0 1 0 0 


Total individuals 407. 425 563 120 


Collection method 
The two collection methods that were employed 
for this study, sweep netting and bee bowls, col- 
lected notably different invertebrates. Eighty- 
five species were collected with sweep netting, 
and 67 species were collected with bee bowls 
(Table 6). Forty of the 85 invertebrate species 
collected from sweep netting, 47%, were col- 
lected only by sweep netting, and 22 of the 67 
species collected in bee bowls, 33%, were found 
only by this collection method (Table 6). Sweep 
netting collected more unique Araneae, Dip- 
tera, Hemiptera, Coleoptera, Lepidoptera, Gas- 
tropoda, and Neuroptera species, whereas bee 
bowls collected more unique Hymenoptera and 
Orthoptera species, and was the only method 
to capture Dermaptera and Isopoda (Table 6). 
The two collection methods captured similar 
numbers of individuals; sweep netting collected 
1954 individuals, and bee bowls collected 1629 
individuals (Table 7). Sweep netting was much 
more successful at capturing Araneae, collect- 
ing 90% of the total Araneae individuals found 
in this study (Table 7). Sweep netting was like- 
wise more successful at capturing Coleoptera, 
Hymenoptera, Julida, Orthoptera, Gastropoda, 
Acari, and Neuroptera (Table 7). Bee bowls 
were much more successful at capturing Dip- 
tera, Hemiptera, and Collembola, collecting 
74%, 85%, and 99%, respectively, of the to- 
tal individuals collected of these orders (Table 
7). Thus, the two collection methods captured 
quite unique and distinct invertebrate profiles. 


Discussion 
This study has documented the invertebrate 
diversity of temperate grasslands. Before this 


42 


Table 6. A comparison of the number of species of 
each order collected with each of the two collection 
methods, sweep netting and bee bowls, employed for 
this study. 


Order Sweep netting Bee bowls 
Araneae 22 14 
Diptera 21 13 
Hemiptera 11 9 
Hymenoptera 9 14 
Coleoptera 9 4 
Lepidoptera 3 2 
Gastropoda 3 1 
Orthoptera 2 4 
Neuroptera 2 1 
Collembola 1 1 
Acari 1 1 
Julida 1 1 
Dermaptera 0 1 
Isopoda 0 1 
Total SPP 85 67 
Unique SPP 40 22 


Table 7. A comparison of the number of individuals 
of each order collected with each of the two collection 
methods, sweep netting and bee bowls, employed for 
this study. 


Order Sweep netting Bee bowls 
Araneae 1366 149 
Coleoptera 218 6 
Diptera 172 501 
Hymenoptera 110 56 
Hemiptera 47 264 
Julida 8 2 
Orthoptera 8 7 
Gastropoda 8 1 
Acari 6 1 
Collembola 5 632 
Lepidoptera 4 4 
Neuroptera 2 1 
Isopoda 0 4 
Dermaptera 0 1 
Total individuals 1954 1629 


study, little was known about which inverte- 
brates might be found in these landscapes (Yen 
1999). One hundred and seven invertebrate 
species were catalogued over the course of this 
research project, many of which have never be- 
fore been associated with these systems. Thus, 
this work has begun to shed light on the in- 
vertebrates that occur in Australia’s temperate 
grasslands. Likewise, this study yielded many 
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surprising general findings about the inver- 
tebrates in these grasslands; the prevalence of 
individuals of the order Araneae was not antici- 
pated, nor was the abundance of Collembola or 
Diptera. 

None of these three orders explicitly consume 
grass biomass: the Araneae species found here 
are entirely predatory; Collembola are om- 
nivorous, consuming primarily fungal hyphae, 
fungal spores, and pollen; and, though Diptera 
exhibit a wide range of feeding habits, the Dip- 
tera species identified in this study were nec- 
tarivores, detritivores, or predators. From the 
general abundance of predators documented in 
these grasslands, it would appear that the pri- 
mary consumers of grass are largely eaten down 
by the numerous predators. These predatory 
invertebrates appear to be exerting top-down 
control on these grasslands, keeping the num- 
bers of primary consumers low and maintain- 
ing highly productive systems (Sanders et al. 
2008). 

Beyond that, this study demonstrates the 
importance of structural complexity for the 
invertebrates of these grasslands. PP2 had the 
highest invertebrate abundance, nearly double 
that of any of the other sites. Likewise, the most 
invertebrate species were found at this site. 
PP2 was also the most structurally complex 
site. Increased structural complexity seems to 
facilitate high levels of invertebrate abundance 
and diversity. The most structurally simple site, 
DP3, featured the fewest invertebrates overall; 
the species diversity of this site was the second 
lowest, higher only than PPO. 

PPO had been burned only ten days before 
sampling was undertaken, and was therefore 
also quite structurally simple. However, in spite 
of this, it had a relatively high level of inverte- 
brate abundance, nearly equal to that of PP1. 
The relatively high levels of invertebrate abun- 
dance and diversity despite its low overall struc- 
tural complexity might be explained by the fact 
that the site was burned recently. Because of the 
burn, invertebrates were likely concentrated 
into fire refugia, the patches of the landscape 
that had escaped burning (Brennan et al. 2011). 
Furthermore, Araneae and Diptera constituted 
the majority of the invertebrates found at PPO, 
both of which are highly mobile taxa and can 
disperse to new habitats with ease. Thus, it is 
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plausible that invertebrates from these orders 
might have readily recolonised the site follow- 
ing the burn, concentrating in the portions of 
the site that still had structure, refugia that had 
survived the fire. The low overall grass cover 
of the site likely rendered the bee bowls more 
visible to invertebrates, causing them to have a 
higher capture rate than in the denser vegeta- 
tion of the other three sites. 

Indeed, previous studies on grassland sys- 
tems have found structural complexity to be 
important for invertebrate diversity. Sanders 
et al. (2008), for example, found that habitat 
structure and architectural complexity strong- 
ly modified the strength of top-down forces, 
thereby affecting the diversity of herbivorous 
invertebrates; increased predator abundance 
had a positive effect on the diversity of herbivo- 
rous invertebrates. Their findings lend further 
support to the above conclusions, that structur- 
al complexity facilitates a diverse invertebrate 
community in these grasslands. 

The likely pathway linking these two quali- 
ties, the structural complexity of these grass- 
lands and the diversity and abundance of in- 
vertebrates, is resource partitioning; increased 
structural complexity likely opens up new 
niches that the invertebrates of these grasslands 
can exploit (MacArthur 1972). PP2, which had 
the highest abundance and diversity of inverte- 
brates, also featured two well-developed layers 
of grass, with a sparse third layer. It is probable 
that each of the layers supported distinct in- 
vertebrate taxa, and that these layers facilitated 
the spatial partitioning of resources within the 
habitat (MacArthur 1972). The fact that the 
two collection methods, sweep netting and bee 
bowls, captured distinct invertebrates, supports 
the notion that different invertebrate taxa in- 
habited the different layers. The bee bowls were 
likely more successful at capturing inverte- 
brates residing on the ground and in the lower 
layers of the grassland. Sweep netting, in con- 
trast, was likely more successful at capturing the 
invertebrates utilising the upper grass layers. 
The fact that they returned distinct invertebrate 
profiles suggests that different invertebrates in- 
habit different strata of the grassland. 

Further support for the notion that these - 


‘grassland invertebrates partition resources 


spatially, which allows for higher abundance 
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levels of invertebrates in the more structurally 
complex sites, comes from the feeding guild 
profiles of the four sites. PP2 had a relatively 
low number of omnivores and higher num- 
bers of leaf chewers and mashers. An omnivore 
feeding habit is less specialised, and therefore 
suggests a paucity of resources (Futuyma and 
Moreno 1988). Thus, the relative lack of omni- 
vores suggests the opposite, that resources were 
abundant at PP2. Leaf chewers and mashers, by 
contrast, tend to be more specialised and more 
specific to host plants; an abundance of inver- 
tebrates of this feeding guild therefore suggests 
that more resources are available and, therefore, 
that more specific niches can be maintained 
(Futuyma and Moreno 1988). DP3, the struc- 
turally simplest of the four sites, had a relatively 
high number of omnivores. The fact that om- 
nivores were more successful at DP3 suggests 
that resources were scarcer, and that only those 
invertebrates that can access a wider variety of 
food sources for their nutrition may survive. 

A higher abundance and richness of herbivo- 
rous taxa, in turn, allows for a higher diversity 
of predatory taxa, as these predators can parti- 
tion prey resources spatially (MacArthur 1972). 
At PP2, the tall blades of grass that formed the 
sparse third layer, for example, were probably 
ideal for web-weaving spiders, whereas the 
bare ground no doubt provides throughways 
and potential burrows for wandering spiders. 
Wandering spiders are active hunters, wander- 
ing over the ground searching for invertebrate 
prey (Framenau et al. 2014). Indeed, of the four 
sites, PP2 had by. far the highest number of ac- 
tive hunting spiders, despite having the third- 
highest amount of bare ground. This may seem 
somewhat paradoxical. However, PP2 likely 
struck the balance between having sufficient 
bare ground for these ground spiders to move 
about while also having ample prey available 
to them. Increased structural complexity opens 
up more niches for herbivorous taxa, which in 
turn allows for spatial resource partitioning 
among predatory taxa, thereby increasing the 
overall diversity of invertebrates that can per- 
sist within the same site (MacArthur 1972). 

The structural complexity that appears to be 
so important to the invertebrates of these grass- 
lands is facilitated by burning. The responses 
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of grassland plants to fire regimes are well 
documented; extended periods without burn- 
ing (generally intervals greater than five years 
without a fire) can cause inter-tussock native 
flora to drop out of the system due to compe- 
tition with T. triandra, and can likewise result 
in a decline in the overall health of T: triandra 
due to a build-up of a substantial layer of dead 
thatch at the base of the tussocks (Morgan and 
Lunt 1999). Thus, intermediate time-since-fire 
maintains grassland complexity, facilitating the 
coexistence of other native flora with T. trian- 
dra while simultaneously promoting the health 
of this grass. This principle held true for this 
study; complexity steadily increased for the 
first few years following burning but then de- 
clined rapidly after the second year. PP2, last 
burned two years ago, was the most structur- 
ally complex, and DP3, last burned five years 
ago, was the least structurally complex. Thus, 
intermediate burning regimes, with controlled 
burns occurring about every two years or so, 
facilitate high levels of structural complexity 
in temperate grasslands, which in turn allows 
for a higher diversity and abundance of inver- 
tebrates. This suggests that the within-site di- 
versity and abundance of grassland invertebrate 
fauna, like grassland flora, would benefit most 
from a burning regime with about two years 
between burns; such a burning regime would 
maximise the structural complexity of these 
grasslands, thereby allowing for a diverse as- 
semblage of invertebrates to persist within a 
site. 

However, this study demonstrates the nuance 
to such a suggestion. Each of the four sites pos- 
sessed a substantial proportion of unique taxa 
not found at the other sites. Both PPO, which 
was just burned, and DP3, which has not been 
burned in five years, supported multiple unique 
species despite being distant from this two-year 
burning optimum. This suggests that, within a 
landscape, multiple burning regimes should be 
implemented; in order to maintain the whole 
of the invertebrate diversity within these grass- 
lands, there must be some sites within the land- 
scape that have short inter-burn intervals and 
some sites with long inter-burn intervals. Di- 
verse fire regimes allow for a continuum of en- 
vironmental characteristics such as structural 
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complexity and grass cover within a landscape, 
which in turn promotes biodiversity (Martin 
and Sapsis 1992). Though this study supports 
the notion that the distribution of burning re- 
gimes should be centred at about two years be- 
tween burns, it also makes apparent that there 
should be some variability in the time between 
burns throughout a landscape so as to maintain 
those taxa which can survive only in longer- 
unburnt or more recently-burnt sites. 

The results of this study demonstrate the im- 
portance of patchy burns rather than complete 
burns. At PPO, invertebrates were likely able to 
persist due to the presence of some unburnt 
patches within the site (Brennan et al. 2011). 
The invertebrates were likely able to recolonise 
the landscape from these refugia, and thereby 
facilitate the recovery of the local invertebrate 
community (Brennan et al. 2011). In order to 
ensure that grassland invertebrates can recover 
following a burn, burning should be patchy so 
refugia are available to the invertebrates. 

This study served as a pilot study to assess 
the feasibility of implementing such an inver- 
tebrate monitoring protocol on a larger scale. 
The scope of this study was restricted by the 
amount of time available to the researchers 
for data collection; due to time constraints, 
only a handful of sites could be sampled, and 
so the study could not be replicated spatially. 
However, we are confident that the trends ob- 
served here would hold up should this study be 
replicated on a larger scale. Indeed, this proce- 
dure should be implemented on a wider scale 
throughout temperate grassland remnants, in 
order to get a sense of the overall invertebrate 
diversity these grasslands contain. Implemen- 
tation of this procedure on a broader scale and 
continued sampling from year to year would 


then allow for monitoring of the invertebrate - 


diversity of these grasslands through time. 
Because sampling took place at two different 
grassland reserves, Pioneer Park and Denton 
Ave Park, some of the variation between the 
sites is possibly due to intersite variability; 
the two grassland reserves have distinct man- 
agement histories, and therefore likely had 
slightly different invertebrate profiles to begin 
with. However, given the trend observed, even 
within Pioneer Park, of increasing diversity and 
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abundance with increasing structural complex- 
ity, it is possible that the observed trend is still 
legitimate. However, to verify this and elimi- 
nate intersite variability as a factor, this method 
should be replicated on a larger scale. 

This study could capture only invertebrate 
presence in these grasslands in late autumn. 
Indeed, few pollinators were collected over the 
course of this study. Bees, specifically, which 
are known to be quite abundant in these grass- 
lands, were nearly absent from the collected 
taxa (Batley and Hogendoorn 2009). It is likely 
that such pollinator taxa would be present in 
the spring; thus, future work should explore 
how the invertebrate communities of these 
grasslands vary seasonally. Future work should 
also attempt to definitively identify the 107 in- 
vertebrate species collected in this study, as well 
as those found in future studies, to the species 
level, so as to begin the process of compiling a 
comprehensive profile of the biodiversity of this 
system. As both collection methods employed 
in this study captured distinct invertebrate pro- 
files, both methods should be employed to as- 
sess invertebrate presence in future studies of 
this nature, 
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One hundred and two years ago 


RAMBLES IN RAAK 
By J. G. O'Donoghue 


... Whilst dealing with insects, it might be here mentioned that it was noticeable, when fire was applied to a 
large clump of spinifex, the greater number of Insects sheltering therein seemed loth to leave their domicile, 
and were either incinerated by the flames or overpowered by the heat when making a belated break fora safer 
haven. On the other hand, the moment the flames began to manifest their power, a general exodus of panic- 
stricken small snakes, lizards, beetles, spiders, grasshoppers, cockroaches, & c , ensued from clumps of spin- 
ifex some yards distant from the scene of the conflagration. It was noticeable also that shortly after the smoke 
occasioned by the combustion of these large growths of tangled and pungent leaves had attained some little 
height in the heavens, Crows were to be discerned converging towards it from all points of the compass. 
From experience they appear to comprehend that where there is fire in the Mallee there will be found food 


in abundance. 


From The Victorian Naturalist, XXXII, p. 22, June 8, 1916 
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temperature and salinity 201 

Vascular flora, Mount Cannibal, Western 
Port, Victoria 160 


Crustacea 
Mictyris sp. and toadfish 153 
Soldier crab and toadfish 153 


Fish 

Freshwater fish survey, Bomaderry Creek, 
NSW 108 

Gambusia holbrooki, predator of Spotted 
Marsh Frog tadpoles 128 

Plague Minnow, predator of Spotted Marsh 
Frog tadpoles 128 

Predation on Spotted Marsh Frog tadpoles 
by Plague Minnow, 128 

Survey, Freshwater fish, Bomaderry Creek, 
NSW 108 

Tetractenos sp. and soldier crab 153 

Toadfish and soldier crab 153 


Fungi 
Anemone Stinkhorn, association with White- 
banded Jumping Spider 150 
Aseroé rubra, association with White-banded 
Jumping Spider 150 


Localities 

Basalt Plains grasslands, Melbourne, occur- 
rence of Bougainville’s Skink 64 

Bomaderry Creek, NSW south coast, fresh 
water fish survey 108 

Eumerella section, Great Otway NP, 
mammals 11 

Gembrook, Victoria, communal .denning by 
gliding possums 52 

Great Otway National Park, mammals at 
Eumerella section 11 

Hattah Lakes, Victoria, flood plain plants 19 

King Island, naming of Lake Flannigan 207 

Kyneton, Victoria, Bald Hills Reserve, occur- 
rence of Brown Toadlet 96 

Lake Flannigan, King Island, naming of 207 

Macalister River Catchment, SE of Licola, 
Victoria, Dampiera galbraithiana 76 

McMillan’s Lookout, SE of Licola, Victoria, 
Dampiera galbraithiana 76 

Melbourne parks, biodiversity survey 132 

Melbourne, Powerful Owl pellets 101 

Middle Island, Warrnambool, Little Penguin 
population 48 

Mount Cannibal, Western Port, Victoria, 
vascular flora 160 

Notting Hill, Victoria, Daddy Long-legs 
spiders 115 

Nowra, NSW, White-footed Dunnart 104 

Tasmanian NW Coast, Hooded Plover 
distribution 36 

Tasmanian NW Coast, shore birds 
distribution 36 

Urunga, NSW, mid-north coast, Soldier crabs 
versus toadfish 153 

Warrnambool, Victoria, Middle Island, Little 
Penguin population 48 

Werribee-Keilor, plains grassland, Eastern 
Brown snake 4 

Western Victoria, Grasslands Earless Dragon 
survey 187 


Mammals 

Biodiversity survey, E and SE Melbourne 
parks 132 

Communal denning by gliding possums 52 

Greater Glider, communal denning 52 

Yellow-bellied Glider, communal denning 52 

Petauroides volans, communal denning 52 

Petaurus australis, communal denning 52 

Sminthopsis leucopus at Nowra, NSW 104 

Vertebrate fauna, Eumerella section, Great 
Otway National Park 11 

White-footed Dunnart at Nowra, NSW 104 


Miscellaneous 
88 years ago, Fat-tailed pouched mouse 
(David Fleay), 107 
90 years ago, fish hatchery excursion (LL 
Hodgson) 114 
91 years ago, Tooradin excursion (HB 
Williamson) 206 
101 years ago, bird breeding study (GA 
Keartland) 47, 59; bee keeping (FR Beuhne) 
83 
102 years ago, Murray R flood plain (JG 
O’Donohue) 27 
Fauna Survey Group Contribution No. 29, a 
community-based biodiversity survey 132 
Guidelines for authors 218 
Letter to Editors, E Ferguson re Large Brown 
Tree frog 86 
-Letter to Editors, G Gillespie, reply to E 
Ferguson re Large Brown Tree frog 88 


Reptiles 

Biodiversity survey, E and SE Melbourne 
parks 132 

Black Snakes, reproduction, longevity in 
captivity 199 

Bougainville’s Skink on Basalt plains, 
Melbourne 64 

Delma impar, individual identification by 
dorsal head scale patterns 177 

Eastern Brown Snake, juvenile banding 
patterns 4 

Grassland Earless Dragon in Western 
Victoria 187 

Individual identification by dorsal head scale 
patterns of Striped Legless Lizard, 177 

Juvenile banding patterns, Eastern Brown 
Snake, 4 

Lerista bougainvillii on basalt plains, 
Melbourne 64 

Pseudechis sp. reproduction, longevity in 
captivity 199 

Pseudonaja textilis textilis juvenile banding 
patterns 4 

Reproduction and longevity in captivity, 
Black Snakes, 199 

Striped Legless Lizard, individual identifica- 
tion by dorsal head scale patterns 177 

Tympanocryptis pinguicolla in Western 
Victoria 187 


Tributes 
Alan Louey Yen (G Presland) 84 
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Some food plants of the Australian jewel bug Lampromicra aerea 
(Scutelleridae: Hemiptera) 


PJ Kubiak 


PO Box 439, Ryde, NSW 1680 


Abstract 

Adults and presumed nymphs of the jewel bug Lampromicra aerea were seen feeding on four species of bush- 
land plants in the Lane Cove River area, New South Wales, in eastern Australia. Lampromicra aerea was ob- 
served feeding on the fruits and sap of Breynia oblongifolia (Phyllanthaceae) and one mating pair was seen on 
this plant species. The fruits of Glochidion ferdinandi (Phyllanthaceae) and of Polyscias sambucifolia (Arali- 
aceae) were also fed upon. Breynia oblongifolia is probably the main food plant of Lampromicra aerea in the 
Lane Cove River area and the development of the nymphs may be timed to coincide with its fruiting. An adult 
Lampromicra aerea fed on the nectar of a Leptospermum polygalifolium (Myrtaceae) flower. Another adult 
Lampromicra aerea was seen apparently feeding on an insect egg. Lampromicra aerea adults were observed be- 
tween late September and late April, whilst presumed nymphs were seen between late November and mid-May. 
Lampromicra aerea does not appear to be common in the Lane Cove River area, even though the observed food 


plants are common and widespread in the catchment. (The Victorian Naturalist 135 (2), 47-52) 


Keywords: Scutelleridae, Breynia oblongifolia, egg predation, nectar, fruit 


Introduction 

Lampromicra aerea (family Scutelleridae, sub- 
family Scutellerinae) is a medium-sized bug (c. 
11-12 mm long) recorded mostly in the Sydney 
region, but also found as far north as Iluka and 
south to Narooma, New South Wales (NSW), 
Australia (Cassis and Vanags 2006). Its col- 
ouration is more subtle than some of the more 
flamboyant Australian jewel bug species in the 
subfamily Scutellerinae, such as Scutiphora 
pedicellata and Cantao parentum. The dorsal 
surface of Lampromicra aerea is coppery dark 
brownish (often with a purple iridescence), its 
femora are red and the lower surface of its ab- 
domen is dark brownish grey, edged with red 
(Cassis and Vanags 2006) (Figs.1 and 2). In the 
Sydney region, Lampromicra aerea has been 
collected from Lane Cove (late October 1958), 
Cabramatta (January 1963), Hornsby (Novem- 
ber 1969) and Mooney Mooney Creek (Novem- 
ber 1982) (Cassis and Vanags 2006). McDonald 
and Cassis (1984) treated Lampromicra aerea 
as a geographically separated colour morph of 
the more widely distributed Lampromicra sena- 
tor, but Cassis and Vanags (2006) re-established 
Lampromicra aerea as a distinct Lampromicra 
species. Cassis and Vanags (2006) noted a lack 
of knowledge about the biology of Lampromi- 
cra aerea and that specimens were not common 
in museum collections. 
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This paper reports some observations of Lam- 
promicra aerea adults and presumed nymphs 
feeding on a number of plant species in bush- 
land areas in suburban northern Sydney, NSW. 


Observations 

Observations were made in the Lane Cove Riv- 
er area of northern Sydney at a handful of sites, 
all of which supported open-forest, or were 
in close proximity to this vegetation type. At 
least one of the sites may have been subjected 
to some bush regeneration plantings, where 
some bugs occurred along the edge of the for- 
est, while at another site bugs were found on 
remnant and/or planted Breynia oblongifolia 
(Phyllanthaceae) and Glochidion -ferdinandi 
(Phyllanthaceae), separated from a nearby for- 
ested area by a stretch of grass. All of the sites 
were within a few kilometres of each other and 
located along the middle to lower reaches of the 
river. Adults were found at most sites and pre- 
sumed nymphs also were observed at many of 
the sites. Adults of Lampromicra aerea were ob- 
served between late September and late April. 
Presumed nymphs were seen from November 
to mid-May. Adults sometimes were seen on 
the same plants as the presumed nymphs. The 
first few observations were made by chance in 
2010, whilst more targeted studies were 
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Fig. 1. Lampromicra aerea adult feeding on nectar of 
Leptospermum polygalifolium (mid-November 2014). 


Fig. 3. Presumed nymph of Lampromicra aerea on 
fruit of Breynia oblongifolia (late December 2014). 


conducted between 2014 and 2017. Adults 
were seen at one site in both 2010 and 2014. 
None of the bugs was captured. 

Lampromicra aerea was observed feeding 
on four species of bushland plants (Table 1). 
Adults of Lampromicra aerea were most often 
seen on Breynia oblongifolia, where they were 
found feeding on the black fruit (Fig. 2) or 
mature-sized greenish to pale yellow or red- 
dish fruits, from September to April. A mating 
pair was seen on fruiting Breynia oblongifolia 
in late December. In addition, one adult was 
observed feeding on the sap of Breynia oblongi- 
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Fig. 2. Lampromicra aerea adult feeding on ripe fruit 
of Breynia oblongifolia (late December 2014). 


Fig. 4. Presumed nymph of Lampromicra aerea feeding 
on fruit of Glochidion ferdinandi (late December 2014). 
(Note: this image has been rotated.) 


folia in late September. Presumed nymphs of 
Lampromicra aerea were also seen feeding on 
the fruits of Breynia oblongifolia (Fig. 3) and 
were found on the fruits from late November to 
May. Glochidion ferdinandi fruit was fed upon 
by an adult Lampromicra aerea in late October 
and by a presumed nymph in December (Fig. 
4), when an adult also was seen on the fruit of 
this species, presumably feeding. Adults were 
observed feeding on the green fruit of Polyscias 
sambucifolia (Araliaceae) in December (Fig. 5) 
and January, while one presumed nymph was 
present on green fruit in January. One adult of 
Lampromicra aerea fed on the nectar of a Lepto- 
spermum polygalifolium (Myrtaceae) flower in 
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Fig. 5. Lampromicra aerea adult feeding on fruit of 
Polyscias sambucifolia (mid-December 2010). 


mid-November (Fig. 1). In late December, sev- 
eral presumed nymphs of Lampromicra aerea 
were apparently resting on Dodonaea triquetra 
(Sapindaceae) and on a nearby grass. 

In late October 2016, one adult Lampromicra 
aerea apparently fed on an insect egg attached 
to the underside of a G. ferdinandi leaf (Fig. 6). 
The egg was part of a clutch of about 14 small 
eggs, of which approximately half were ‘empty, 
some possibly having hatched. The intact eggs 
were mostly pale yellow-green. The adult Lam- 
promicra aerea had its mouth-parts inserted 
into the same egg for more than half an hour. 
While the adult bug apparently fed on the egg, 
a tiny bug nymph was present on the underside 
of a nearby leaf, several centimetres away. This 
nymph may have-been a Lampromicra aerea 
hatchling. So, this may have been an instance of 
a Lampromicra aerea adult feeding upon an egg 
of its own species. 

Lampromicra aerea sometimes formed small 
aggregations in the Lane Cove River area. For 
example, an aggregation comprising three 
adults and five presumed nymphs was found 
ona single Breynia oblongifolia plant in late De- 
cember 2014. The adults were mostly on green 
fruits, as were four of the presumed nymphs, 
whilst the largest nymph was on a black fruit. 
This site had been burnt approximately 12 years 
before the observation. A pair of Lampromicra 
aerea adults mated on this same Breynia ob- 
longifolia plant two days later. In late September 
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Fig. 6. Lampromicra aerea adult apparently feeding 
on insect egg (late October 2016). 


2016, four or five Lampromicra aerea adults oc- 
curred on two Breynia oblongifolia plants grow- 
ing adjacent to each other. In early April 2017, 
three adults were seen on one Breynia oblongi- 
folia plant. In some other instances, single bugs 
were found, without any other individuals of 
Lampromicra aerea in close proximity. 


Discussion 

Breynia oblongifolia is probably the main food 
plant for Lampromicra aerea in the Lane Cove 
River area. This is the plant species that the 
adults and presumed nymphs of Lampromicra 
aerea fed upon most frequently (fruits and less 
commonly sap) and one pair was seen mat- 
ing on Breynia oblongifolia. The development 
of Lampromicra aerea nymphs may be timed 
to coincide with the formation of Breynia ob- 
longifolia fruits. Benson and McDougall (1995) 
noted that Breynia oblongifolia fruit generally 
matures from November to May in the Sydney 
region. A second plant species, G. ferdinandi, 
was fed upon by a Lampromicra aerea adult and 
also by a presumed nymph. McDonald (1963) 
observed that adults and nymphs of the closely 
related bug Lampromicra senator fed on the 
‘small pinkish berries’ of Breynia oblongifolia in 
southern Queensland and that adults fed on the 
sap of this plant before the fruits became avail- 
able. He also found that Lampromicra senator 
laid its eggs on the undersides of leaves of Brey- 
nia, from early October through to January. Cassis 
and Vanags (2006) noted that Lampromicra senator 
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also feeds on Bursaria sp. and Ficus spp., while 
McDonald (1963) stated that this bug species 
was collected on a fruiting persimmon tree 
(Diospyros sp.) and occurred on cherry trees. 
If Breynia oblongifolia is the main food plant 
of both Lampromicra aerea and Lampromicra 
senator, then the diets of the two species may 
not have diverged very much since they became 
separate species. Molecular studies could deter- 
mine when the two species separated and could 
also help to clarify how distinct they are from 
each other. 

According to Harden et al. (2006), Breynia 
oblongifolia occurs north from Nadgee, whilst 
G. ferdinandi is found north from Tuross Head, 
NSW. The southern known limit of Lampromi- 
cra aerea appears to be Narooma, NSW (Cassis 
and Vanags 2006). Tuross Head lies just north 
of Narooma, whilst Nadgee is well south of Na- 
rooma. If Breynia oblongifolia is the main food 
plant of Lampromicra aerea across its entire 
range, then the distribution of this plant species 
would probably limit the distribution of Lam- 
promicra aerea. ; 

Single Lampromicra aerea adults also were 
seen feeding on the fruit of Polyscias sambucifo- 
lia (Araliaceae) in both 2010 (Fig. 5) and 2015, 
at sites close to each other. In their table of plant 
associations for Australian jewel bugs, Cassis 
and Vanags (2006) did not list any plants in the 
family Araliaceae. 

Most of the sites where Lampromicra aerea 
was observed had not been burnt in the last 10 
years. The most recently burnt site had last ex- 
perienced fire eight years previously. However, 
the food plants Breynia oblongifolia, G. ferdi- 
nandi and P. sambucifolia resprout following 
fire in the Lane Cove River area and can start 
producing fruit within a few years after fire 
(Benson and McDougall 1995; Kubiak 2009). 

A single adult of Lampromicra aerea was seen 
feeding on a flower of Leptospermum polygalifo- 
lium (Fig. 1). Nectar appears to be a supplemen- 
tary source of nutrients for Lampromicra aerea 
adults. It is not clear how important nectar is 
in this bug’s diet, but it would probably be less 
significant than fruit. Cassis and Vanags (2006) 
stated that a female of Lampromicra aerea was 
collected from the flowers of Bursaria spinosa 
(Pittosporaceae) at Cabramatta by M Nikitin in 
January 1963. This suggests that Lampromicra 
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aerea may also feed on the nectar of flowers of 
other plant species. Cassis and Vanags (2006) 
also noted that a male of the closely related 
Lampromicra senator was collected from Lepto- 
spermum sp. in Queensland in December 1992, 
by P Zborowski and K Halfpapp. 

One adult Lampromicra aerea apparently fed 
on an insect egg. Giffney and Kemp (2016) re- 
ported cannibalism by nymphs of the Cotton 
Harlequin Bug Tectocoris diophthalmus (Scutel- 
leridae) on non-sibling eggs and noted that sev- 
eral earlier workers had also observed the same 
behaviour. It is possible that the adult Lampro- 
micra aerea, in this present study, was feeding 
on an egg in order to gain nutrients unavailable 
from other dietary sources. It is not clear how 
frequently egg predation occurs in Australian 
Scutelleridae. 

Lampromicra aerea does not appear to be 
very common in the Lane Cove River area. 
However, the observed food plants Breynia ob- 
longifolia, G. ferdinandi and P. sambucifolia are 
common and widespread in the bushland of the 
catchment. Lampromicra aerea seems to occur 
in small, scattered populations in the study area 
and it is not clear which factor(s) might be limiting 
its abundance. Cassis and Vanags (2006) noted that 
this species was not common in collections. 

Lampromicra aerea occasionally formed quite 
small aggregations in the study area. These 
were probably feeding aggregations, but one 
mating pair was also observed. Cassis and 
Vanags (2006) noted that many scutellerid 
species display aggregative behaviour and that 
some species (e.g. Choerocoris paganus) often 
occur in large aggregations when feeding. They 
also noted that the larvae are often found in as- 
sociation with the adults. In this present study, 
presumed nymphs of Lampromicra aerea were 
sometimes, but not always, found together with 
adults. The small size of the aggregations of 
Lampromicra aerea found in this present study 
could simply be a reflection of the comparative 
scarcity of this species. Choerocoris paganus 
appears to be a more common species in the 
bushland of the Lane Cove River area and often 
occurs in larger aggregations. In the study area, 
aggregations of another scutellerid, Scutiphora 
pedicellata, also generally involve more indi- 
viduals than the smaller Lampromicra aerea 
aggregations. 
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McDonald (1963) indicated that Lampromi- 
cra senator adults hibernate from late March 
until late September or early October under 
dry logs, stones, leaf litter and in cracks or crev- 
ices. In this present study, adults of Lampromi- 
cra aerea* were active from late September to 
late April, in the Lane Cove River area. Most of 
the collections of Lampromicra aerea appear to 
have been made between October and January 
(Cassis and Vanags 2006). 

Cassis and Vanags (2006) indicated that the 
adults and larvae of the subfamily Scutellerinae 
(which includes Lampromicra) are probably 
generally ‘aposematic in their colouration. The 
red markings of Lampromicra aerea might be 
a warning signal to vertebrate predators, such 
as birds, that this bug is distasteful and/or toxic 
to such species. Adults of Lampromicra aerea, 
perched on a plant stem or fruit, may tend to 
move to the other side of the stem/fruit, when 
a human observer approaches. In doing so, 
the bug may simply be attempting to place a 
protective barrier between itself and a per- 
ceived threat. However, such behaviour might 
also be a way for the bug to display its red legs 
and ventral markings to a potential vertebrate 
predator. The iridescence of the dorsal surface 
of Lampromicra aerea may also possibly act 
as a warning signal to predators, but such iri- 
descence would probably not be so evident in 
more shaded situations. Fabricant et al. (2014) 
found that the iridescent patches on the Cot- 
ton Harlequin Bug T. diophthalmus can ap- 
parently act as an aposematic signal to birds. 
Fabricant and Smith (2014) concluded that T. 
diophthalmus is likely to be avoided by birds, 
but more likely to be preyed upon by inverte- 
brates, such as mantids. If birds regularly feed 
on the fruits of Breynia oblongifolia, then bird 
predation may pose a significant risk to Lam- 
Ppromicra aerea, as both adults and presumed 
nymphs of Lampromicra aerea are often found 
on these fruits. Benson and McDougall (1995) 
indicated that Breynia oblongifolia fruits are 
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probably dispersed by birds. Gosper (1999) ob- 
served Silvereyes Zosterops lateralis feeding on 
Breynia oblongifolia fruits on the coast of NSW 
at Primbee, just south of Wollongong. Melzer 
and Plumb (2011) noted that five bird species, 
including the Satin Bowerbird Ptilonorhynchus 
violaceus and Lewin’s Honeyeater Meliphaga 
lewinii, eat the fruits of Breynia oblongifolia. 

As with many invertebrate species, much 
remains to be learnt about the ecology and bi- 
ology of this interesting bug. For example, ad- 
ditional observations might shed light on the 
factor(s) limiting the abundance of Lampromi- 
cra aerea and on how common egg predation 
and nectar feeding are in this species. 
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Abstract 

A previous study of the herpetofaunal assemblage of the Lime Kiln Bay Wetland, part of the Oatley Bushland 
Corridor, identified six species of frog and 17 species of reptile. This contribution presents an additional four 
species, including sightings of the Eastern Bearded Dragon Pogona barbata and a road-killed Black-bellied 
Swamp Snake Hemiaspis signata, which were considered extirpated. The third species is the Macquarie Turtle 
Emydura macquarii, represented by a single sighting. The fourth species is the invasive Red-eared Slider Tra- 
chemys scripta elegans, which has established elsewhere in Sydney, including further upriver from the study 


site. (The Victorian Naturalist 135 (2), 53-57) 


Keywords: herpetofaunal assemblage, invasive species, Red-eared Slider, remnant bushland, 


Sydney Basin bioregion, urban ecology 


Introduction 

The Oatley Bushland Corridor is a significant 
network of remnant natural habitat sand- 
wiched between the southern Sydney suburbs 
of Oatley, Peakhurst Heights and Mortdale in 
the St George area, totalling 94 ha. The main 
component is Oatley Park, which is adjacent to 
the Lime Kiln Bay Wetland (33.97° S, 151.06° 
E), an artificial wetland that spans 28 ha. It was 
constructed in stages between 1999 and 2005 
over an existing floodplain (Bavor et al. 1995; 
Mo and Waterhouse 2015). The floodplain is 
surrounded by woodland dominated by Syd- 
ney Red Gum Angophora costata, Red Blood- 
wood Corymbia gummifera and Sydney Pep- 
permint Eucalyptus piperita, set over sandstone 
outcrops (Mo 2014). The ponds and reedbeds 
are separated from the Georges River by an ex- 
panse of mangroves. 

A comprehensive review of Sydney’s urban 
terrestrial reptile fauna provided distribu- 
tional information on 44 species (Shea 2010), 
of which 19 have been recorded in the Lime 
Kiln Bay Wetland (including additional species 
described here). The Lime Kiln Bay Wetland is 
located within the Inner West region described 
by Shea (2010). 

Recently, I reported on the herpetofaunal as- 
semblage at this site, based on nine years of ob- 
servations between 2006 and 2015 (Mo 2015). 
At the time, six species of frog from the families 
Hylidae, Limnodynastidae and Myobatrachi- 
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dae, one species of freshwater turtle (Chelidae), 
12 species of lizard (Agamidae, Carphodac- 
tylidae, Scincidae, Varanidae) and four species 
of snake (Colubridae, Elapidae, Pythonidae) 
were known to the site. In the short time since 
publication, four noteworthy additions to the 
reported species have emerged, which are pre- 
sented here. 


Eastern Bearded Dragon Pogona barbata 
Once common at the site, the Eastern Bearded 
Dragon Pogona barbata was extirpated in the 
early 1990s, possibly as a result of numbers 
of mortalities from basking on the roads ad- 
jacent to the reserve (R Staples pers. comm.). 
Its extirpation in the Oatley Bushland Corri- 
dor follows an apparent decline in the Sydney 
metropolitan area (Shea 2010). The decline has 
been attributed to the loss of preferred habitats 
of Grey Box Eucalyptus moluccana and Forest 
Red Gum E. tereticornis associations (Lunney 
1986). Another reason for decline may be their 
willingness to hold off predators with bluff dis- 
plays, which makes them vulnerable to pet at- 
tacks (Shea 2010). 

In October 2015, Chris Rehberg photo- 
graphed an Eastern Bearded Dragon (see front 
cover) in the bushland near the Dame Mary 
Gilmore Road boundary of Oatley Park, ap- 
proximately 130 m from the Lime Kiln Bay 
Wetland. The location was adjacent to the part 
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Fig. 1. Black-bellied Swamp Snake Hemiaspis signata found as roadkill. Photo Oatley Flora and Fauna 


Conservation Society. 


of the Lime Kiln Bay Wetland near Bay Road, 
where the species was once seen in abundance 
(R Staples pers. comm.). A further 2015 sight- 
ing was made within the Lime Kiln Bay Wet- 
land (D Mercer pers. comm.). 

These sightings suggest that this species could 
be extant at the site, occurring in such low 
numbers that it efficiently evades detection, 
even over a nine-year survey period. I am not 
aware of any further sightings of the Eastern 
Bearded Dragon at the site in the last decade. 
This is surprising, given how conspicuous they 
are when present. The Lime Kiln Bay Wetland 
is frequented by Georges River Council bush- 
care volunteers who work at least two mornings 
per week, many of whom have a long personal 
history with the local area and can recall when 
Eastern Bearded Dragons were once plentiful. 
For this reason, I am confident that they would 
readily distinguish an Eastern Bearded Drag- 
on, if encountered, from the common Eastern 
Water Dragon Intellagama lesueurii lesueurii. 
In addition, the site is also a regular haunt for 
many knowledgeable local bushwalkers, many 
of whom are members of the local Oatley Flora 
and Fauna Conservation Society (OFF 2017) 
and would be likely to report seeing an Eastern 
Bearded Dragon if one was sighted. 

The Eastern Bearded Dragon is still extant 
further downriver in the Georges River catch- 
ment, including the Georges River National 
Park and Vale of Ah Reserve (Office of Envi- 
ronment and Heritage 2013; pers. obs.). Al- 
though White and Burgin (2004) noted it was 
historically recorded in the Wolli Creek Valley, 
the only recent record in the Inner West region, 


54 


defined by Shea (2010), was made in Bexley 
North in 1980. 


Black-bellied Swamp Snake Hemiaspis 
signata 

On 13 February 2016, a road-killed Black-bel- 
lied Swamp Snake Hemiaspis signata (Fig. 1) 
was discovered on the road inside Oatley Park 
near the entrance gate (OFF 2016). Previously, 
the last known Black-bellied Swamp Snake in 
the Oatley Bushland Corridor was a specimen 
vouchered for the Australian Museum in 1996 
(Mo 2015). There had not been any subsequent 
records of this species in the St George area 
since this collection (Shea 2010). The recent 
sighting suggests that an extant population 
exists in low numbers, making detection dif- 
ficult. The Black-bellied Swamp Snake persists 
in bushland remnants in Sydney, particularly in 
wet habitats in coastal areas, such as the Eastern 
Suburbs and Northern Beaches (Mackay 1949; 
Shea 2010). Its continuing survival relies on 
the persistence of wet habitats, which the Lime 
Kiln Bay Wetland provides. 


Red-eared Slider Trachemys scripta elegans 

The Red-eared Slider Trachemys scripta elegans 
(Fig. 2) is a notoriously invasive species in many 
parts of the world (Ramsay et al. 2007; Kikillus 
et al. 2010; Crescente et al. 2014; Meyer et al. 
2015), ranked within the 100 worst invasive 
species (Lowe et al. 2004). For many years, the 
local community has been concerned that Red- 
eared Sliders could invade the Lime Kiln Bay 
Wetland, due to historical sightings of them in 
the Georges River (Stimson and Wells 1995; 
O’Keeffe 2006), a known established breed- 
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Fig. 2. Red-eared Slider Trachemys scripta elegans. 
Photo Matthew Mo. 


ing population further upstream in Yeramba 
Lagoon (Burgin 2006, 2007; Robey et al. 2011; 
OEH 2013) and sightings of people releasing 
turtles at the site, either rescued animals or un- 
wanted pets (Mo 2015). 

In 2015, shortly after the publication of Mo 
(2015), at least two Red-eared Sliders began to 
be sighted in the Lime Kiln Bay Wetland. They 
were first reported to the NSW Department of 
Primary Industries and NSW National Parks 
and Wildlife Service (NPWS) by Dave Mercer, 
a local wildlife photographer. On 5 Septem- 
ber 2016, a sighting of three Red-eared Sliders 
basking together on a floating log was reported 
to NPWS (unpubl. data), which is the maxi- 
mum number of animals confirmed to date. It 
is illegal for private individuals to hold exotic 
reptiles in NSW, however captive sliders have 
been confiscated in seizures in the last decade 
and their potential liberation remains a threat 
to containing current incursions (O'Keeffe 
2005). 

As well as establishing in parts of Sydney, 
the Red-eared Slider has bred in the Pine Riv- 
ers Shire, Brisbane, where expensive removal 
operations have successfully eradicated them 


from some dams (O'Keeffe 2005). Growing © 


evidence of their ecological impacts in other 
invaded countries makes their presence in the 
Oatley Bushland Corridor a cause for concern. 
Red-eared Sliders reach sexual maturity earlier 
than Sydney’s native turtles and exhibit higher 
fecundity and larger adult size (Csurhes and 
Hankamer 2016), thus having the potential for 
competitive advantage. Elsewhere, their envi- 
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Fig. 3. Macquarie Turtle Emydura macquarii. Photo 
Matthew Mo. 


ronmental competition with native turtles has 
been demonstrated (Lever 2003; Polo-Cavia 
et al. 2011). Other concerns include preda- 
tion on native wildlife (Ligon 2007), damage to 
waterbird nests by basking sliders (Kikillus et 
al. 2010) and disease transmission (Meyer et al. 
2015; S Burgin unpubl. data). 


Macquarie Turtle Emydura macquarii 

The Macquarie Turtle Emydura macquarii (Fig. 
3) has never been formally recognised in the 
Lime Kiln Bay Wetland and was not recorded 
during the previous study (Mo 2015). One 
specimen was observed by a member of the 
public on 7 January 2018 (OEH 2018). The ani- 
mal was located in the Macrophyte Pond close 
to the base of Oatley Heights Park’s sandstone 
outcrop. : 

The Macquarie Turtle appears to be a recent 
addition to wetlands in the St George area. 
White and Burgin (2004) note that it was never 
present in the Rockdale Wetland Corridor; 
however, large numbers are now seen at this 
location (pers. obs.). 


Closing remarks | 

The addition of these four species brings the to- 
tal herpetofaunal assemblage in the Lime Kiln 
Bay Wetland to 27 species (Table 1). The report- 
ing of additional species after the conclusion of 
the survey highlights the need for long-term 
data collection in building a comprehensive 
fauna inventory (Murphy and Murphy 2011), 
thereby providing for seasonal variations and 
better chances to include species that may be 
cryptic or occur at low numbers (Thompson 
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Table 1. Updated species inventory of herpetofauna in the Lime Kiln Bay Wetland. *indicates an introduced 


species 
Family Common name Scientific name 
Hylidae Eastern Dwarf Tree Frog Litoria fallax 
Peron’s Tree Frog Litoria peronii 
Leaf Green Tree Frog Litoria phyllochroa 
Limnodynastidae Striped Marsh Frog Limnodynastes peronii 
Myobatrachidae Common Eastern Froglet Crinia signifera 
Smooth Toadlet Uperoleia laevigata 
Chelidae Eastern Snake-necked Turtle Chelodina longicollis 
Macquarie Turtle Emydura macquarii 
Emydidae Red-eared Slider Trachemys scripta elegans* 
Agamidae Eastern Water Dragon Intellagama lesueurii lesueurii 
Eastern Bearded Dragon Pogona barbata 
Carphodactylidae Broad-tailed Gecko “Phyllurus platurus 
Scincidae Eastern Water Skink Eulamprus quoyii 
Greater Bar-sided Skink Eulamprus tenuis 
Copper-tailed Skink Ctenotus taeniolatus 
Weasel Skink : Saproscincus mustelinus 
Elegant Snake-eyed Skink Cryptoblepharus pulcher pulcher 
Pale-flecked Sunskink Lampropholis guichenoti 
Dark-flecked Sunskink Lampropholis delicata 
Three-toed Skink Saiphos equalis 
Eastern Blue-tongued Skink Tiliqua scincoides 
Varanidae Lace Monitor Varanus varius 
Colubridae Green Tree Snake Dendrelaphis punctulata 
Elapidae Black-bellied Swamp Snake Hemiaspis signata 
Red-bellied Black Snake Pseudechis porphyriacus 
Eastern Brown Snake Pseudonaja textilis 
Pythonidae Diamond Python Morelia spilota spilota 


and Thompson 2005; Sass et al. 2011). The ad- 
ditions in this contribution also clearly high- 
light the value of communicating with local 
resident naturalists and other interested local 
community members in augmenting field sur- 
vey results. 

There is a possibility that the additional spe- 
cies originate from rescued animals from other 
locations, or are’ dumped pets. The Oatley 
Bushland Corridor is a well-known area of 
bushland in the St George area, which unfor- 
tunately makes it a particularly favoured loca- 
tion for liberating wildlife species. This is most 
likely how Red-eared Sliders invaded the Lime 
Kiln Bay Wetland. 

It should also be noted the Giant Reed Arundo 
donax was erroneously typed as a native species 
in Mo (2015). Correctly, it is also an invasive 
species (Haddadchi et al. 2013), which outcom- 
petes native flora in the Lime Kiln Bay Wetland. 

Despite occupying a mere 28 ha, a greater 
number of herpetofaunal species has been re- 
corded in the Lime Kiln Bay Wetland than 
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in other major bushland remnants in the St 
George area: the Wolli Creek Valley (50 ha— 
Little et al. 2010; DECC 2007; White and Burgin 
2004; Manidis Roberts Consultants 1996) and 
Rockdale Wetland Corridor (35 ha—White 
and Burgin 2004; White 1999, 2002, 2010). It 
should be noted that there are no herpetofaunal 
species recorded in the wider Oatley Bushland 
Corridor that were not detected in the present 
study of the wetland. 
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Naturalist Note 


Austral Trefoil Lotus australis var. australis appears in former 
cropland at Mount Cottrell, Victoria 


In November 2017, we were surprised to find 
the rarely-observed native legume Austral 
Trefoil Lotus australis var. australis (Fabaceae) 
growing in former cropland near Mount Cot- 
trell, Victoria. This species is a perennial forb or 
sub-shrub, with stems that die back during dry 
summers. It bears pink or white flowers, fol- 
lowed by pods containing up to 20 seeds, each 
approximately 1.5-2 mm long (Jeanes 1996) 
(see back cover). This species is widespread in 
south-eastern Australia, but very rarely seen. It 
is rare in the Melbourne region (Bull and Stolfo 
2014), and is listed as ‘poorly known in Victo- 
ria (Department of Environment, Land, Water 
and Planning (DELWP) 2014). 

The plants we observed seem to have emerged 
from a soil-stored seed bank that has survived 
decades of agricultural use. We believe that this 
observation is worthy of note, in light of our 
generally accepted understanding of grassland 
ecology and management. 

In the 1990s, several studies demonstrated 
emphatically that most native forb species in 
fertile, lowland, native grasslands do not form 
substantial persistent seed banks (Lunt 1990, 
1995; Morgan 1998a) but depend on recent 
seed fall. This means that once visible plants are 
lost from a site, most species cannot be expect- 
ed to return unless they disperse from another 
source. For most species, this is scarcely pos- 
sible because their grassland habitat has been 
reduced to small and dispersed pockets, eco- 
logically cut off from each other. 

This problem is compounded by another 
phenomenon that was well demonstrated by 
the 1990s. Grassland forbs are easily lost due 
to competitive exclusion by the dominant tus- 
sock grasses if these grasses are not kept in 
check with regular disturbance by fire, drought 
or sensitive grazing (Stuwe and Parsons 1977; 
Morgan 1998b). Combined, these factors make 
the persistence of most grassland forbs precarious. 

Many grassland managers have long inte- 
grated these findings into their practice. Good 
managers value forbs highly, often disturb sites to 
prevent forb exclusion, control weeds to favour 
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native species and, sometimes, bolster forb 
populations by planting (Lunt 1991, Morgan 
2015). In sites where native grassland has be- 
come extinct, restoration efforts occasionally 
involve the removal of topsoil, because it is as- 
sumed to be worthless, lacking a native seed 
bank, but containing excess nutrients and weed 
seeds. Topsoil removal frequently is followed by 
the introduction of large numbers of forb seeds 
or young plants (Gibson-Roy et al. 2007, Gib- 
son-Roy and Delpratt 2015). Gibson-Roy and 
Delpratt (2015) reported that a broad range of 
native species have been recorded to naturally 
recolonise scalped areas from live rootstock left 
in the soil (the so-called ‘bud-bank’), both from 
seed fall from surrounding areas and from dor- 
mant seed (despite the general evidence against 
substantial seed-banks). 

The site where we observed the Lotus plants 
is such a restoration site, where former crop- 
land is being restored with native species to 
complement an adjacent small (0.47 ha) but 
species-rich remnant grassland (Latitude: 
-37.7932, Longitude: 144.6231, near the corner 
of Boundary Road and Faulkners Road, Mount 
Cottrell). A single plant of Lotus was noted in 
the remnant site, approximately 60 m from 
where the new plants were found, so the spe- 
cies was known to be present locally (DELWP 
2016). Indeed, Mount Cottrell is apparently a 
natural hot-spot for this species, with at least 
seven small populations occurring locally (S$ 
Sinclair, pers. obs.). 

The restoration site was ploughed for over 70 
years before conservation management com- 
menced (the distinct edge of the ploughing is 
visible on an aerial image taken in 1945 (De- 
partment of Lands and Survey (DLS) 1948)). 
In November 2016, the site was scraped with 
an excavator to an average depth of 10 cm, and 
the removed topsoil was deposited adjacent to 
the site (White 2016). Numerous native forb 
and grass seeds were sown on the bare soil. Lotus 
was not in the seed mix (White 2016), and was 
not expected to appear in the restoration area. 
We observed eight plants of Lotus, growing in 
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a discrete portion of the scraped area spanning 
approximately 90 m x 20 m, with four of the 
plants growing only a few metres from each 
other. 

How did the plants come to be growing in the 
scraped restoration area, after so many years 
of cropping? We assume that these individuals 
cannot have survived annual ploughing and the 
removal of 10 cm of topsoil, so we believe that 
the plants did not appear from the bud-bank, 
but rather germinated from seed following the 
soil disturbance. But where did the seeds come 
from, and how long have they lain dormant? 
There are several possibilities. First, the plants 
could have dispersed from the nearby remnant, 
capitalising on the disturbance and lack of com- 
petition, as noted for other species (Gibson-Roy 
et al. 2015). It seems unlikely, however, that all 
the plants from the dispersed seed should have 
emerged in just one area within the scrape. It 
also seems extremely unlikely that the remnant 
(with one known plant) could have produced 
sufficient seed from this heavy-seeded species 
to result in eight successful establishments over 
60 m away. 

Second, the seeds may have been present in 
the soil at the edge of the remnant, and were 
dragged into the scraped area during site prep- 
aration, where they germinated. This is quite 
possible, but the clustering of the germinants 
away from the edge of the scrape makes it seem 
unlikely, unless they were all moved together in 
the scraping process (e.g. if they were all in one 
sod, before it broke up). 

Third, the seeds may have been in a seed bank 
deep within the soil profile, prior to the scrap- 
ing, in the area where they germinated. Cracks 
in the soil profile may have caused the seeds to 
be buried deeply (>10 cm). Their location on 
the site may have reflected the former loca- 
tion of plants that deposited seeds. The scrap- 
ing may have induced their germination, via 
physical abrasion, or the alteration of the water 
and light environment. This final explanation 
seems most likely to us, and we suggest that the 
Lotus seeds may have sat under the cropland for 
over 70 years, before germinating in response 
to soil disturbance. This observation is less sur- 
prising for a legume than for most other forb 
species, since legumes have hard seeds that are 
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well known to persist for long periods (Mor- 
rison et al. 1992), with some verified examples 
of dormancy in non-laboratory conditions 
of 150-200 years (Spira and Wagner 1983). It 
is interesting to ponder how many other sites 
conceal dormant native legume seeds. 

We offer this observation as a reminder that 
there are often exceptions to the rule—in this 
case the very useful rule of thumb that basalt 
grasslands have limited seed banks, and to pro- 
vide some unexpected good news in an area of 


ecological management that often seems an up- 
hill battle. 
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Lotus australis var. australis growing in remnant grassland, Mount Cottrell. 


